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IndiaAbstract The advancement in satellite technology in terms of spatial, temporal, spectral and radio-
metric resolutions leads, successfully, to more speciﬁc and intensiﬁed research on agriculture. Auto-
matic assessment of spatio-temporal cropping pattern and extent at multi-scale (community level,
regional level and global level) has been a challenge to researchers. This study aims to develop a
semi-automated approach using Indian Remote Sensing (IRS) satellite data and associated vegeta-
tion indices to extract annual cropping pattern in Muzaffarpur district of Bihar, India at a ﬁne scale
(1:50,000). Three vegetation indices (VIs) – NDVI, EVI2 and NDSBVI, were calculated using three
seasonal (Kharif, Rabi and Zaid) IRS Resourcesat 2 LISS-III images. Threshold reference values
for vegetation and non-vegetation thematic classes were extracted based on 40 training samples over
each of the seasonal VI. Using these estimated value range a decision tree was established to classify
three seasonal VI stack images which reveals seven different cropping patterns and plantation. In
addition, a digitised reference map was also generated from multi-seasonal LISS-III images to check
the accuracy of the semi-automatically extracted VI based classiﬁed image. The overall accuracies of
86.08%, 83.1% and 83.3% were achieved between reference map and NDVI, EVI2 and NDSBVI,
respectively. Plantation was successfully identiﬁed in all cases with 96% (NDVI), 95% (EVI2) and
91% (NDSBVI) accuracy.
 2014 Production and hosting by Elsevier B.V. on behalf of National Authority for Remote Sensing and
Space Sciences.1. Introduction
The 21st century faces multiple challenges like climate change,
population growth, food shortage, poverty, hunger, acceler-
ated land cover change and environmental degradation
(USCB, 2004; FAO, 2012; IPCC, 2013). World is now ﬁlled
with more than 7 billion people and the count is increasing
at an alarming rate of 1.2% per annum and by 2050 the world
124 S. Mondal et al.population is projected to reach 9.6 billion (UNFPA, 2012).
Due to inadequate food supply, about 1 billion people stay
hungry every day in the world and the ﬁgure will increase to
2 billion by 2050. This scenario enforces the increasing
momentum in agricultural production with more than 70%
increase for the developing countries of Asia and Africa in
coming decades (FAO, 2009). In this regard, innovative agri-
cultural research and better management practices are essential
to enhance productivity. The assessment of crop production
and precise and timely monitoring at multi-scale (community
level, regional level and global level) have been a challenge
to researchers. However, the efﬁciency and accuracy of crop
monitoring have improved signiﬁcantly since 1972 with the
availability of satellite based operational remote sensing acqui-
sition. Globally number of researchers and different govern-
ment organisations have successfully tested the utilisation of
various multi-spectral satellite images at different spatial and
temporal scales for agriculture application (MacDonald,
1976; Matthews et al., 1991; Toan et al., 1997; Fang et al.,
1999; Ramankutty, 2004; Hannerz et al., 2008, Husak et al.,
2008).
The advancement in satellite technology in terms of spatial,
temporal, spectral and radiometric resolutions leads to more
speciﬁc and intensiﬁed research on crop classiﬁcation and dis-
crimination (Van Niel et al., 2004), crop condition simulation
and yield estimation (Taylor et al., 1997; Plant et al., 2000;
Doraiswamy et al., 2004; Panda et al., 2010; Mkhabela et al.,
2011; Bolton et al., 2013), precision farming (Moran et al.,
1997; Lamb et al., 2001; Seelan et al., 2003), crop area estima-
tion (Gallego et al., 2014), and crop residue cover mapping
(Bannari et al., 2006). Numerous studies were conducted at
global to regional scale using coarse to ﬁne spatial resolution
multi-temporal data from MODIS, NOAA-AVHRR, LAND-
SAT, IRS, SPOT, and IKONOS satellite images (Tennakoon
et al., 1992; Okamoto and Fukuhara, 1996; Panigrahy et. al.,
1997; Fang, 1998; Okamoto and Kawashima, 1999; Goward
et al., 2003; Prasad et al., 2005; Xiao et al., 2006; Sha et al.,
2008; Peng et al., 2011).
Different techniques have been widely demonstrated for
agriculture related information extraction and database crea-
tion such as classiﬁcation based mapping (Zhang et al., 1998;
Sha et al., 2008; Yang et al., 2011; Saadat et al., 2011), vegeta-
tion indices based method (Sun et al., 2000; Yang et al., 2000;
Doraiswamy et al., 2003), thresholding method (Xiao et al.,
2002a,b; Basnyat et al., 2004; Xiao et al., 2006), and phenology
based mapping (Xin et al., 2002; Son et al., 2014). Image clas-
siﬁcation and index based approaches are straight forward and
simple to execute. But most of these are based on single time
data analysis and hence possesses uncertainty due to variation
(annual and intra-annual) in crop sowing and growth with sea-
sonal ﬂuctuation, and hence unable to quantify annual crop
pattern accurately. Through phenology based approach map-
ping of annual crop cycle and their intensity would be easy,
but it requires continuous time series data. For regional level
investigation, moderate to ﬁne spatial resolution satellite data
are highly required. But the main disadvantage of using ﬁne
resolution data is the inadequate availability of good quality
continuous data at different phenological stages. Differentiat-
ing temporal and spectral variability among various crops dur-
ing phenological stages are always time consuming and
challenging. Also fortnightly time-series satellite data at acoarse scale resolution (>500 m) are not useful for ﬁne scale
crop mapping. Acquiring ﬁne spatial resolution satellite data
at continuous interval is costly and also availability of good
quality data is a problem mainly during monsoon period
(July–September) in India and hence phenology based
approach is not directly utilisable. Amidst this limitation and
challenge, the study attempts to extract annual cropping pat-
tern, seasonal cropland types and plantation at a ﬁne scale
(1:50,000) through a cost effective and reliable approach, and
to understand the effectiveness of different vegetation indices
in extracting needed information.
2. Study area and data
Muzaffarpur district is located between 25530N to 26250N
and 84500E to 85450E and covers approximately 3172 Sq km
area (Census India, 2011). The district has sub-tropical mon-
soonal climate with annual precipitation of 1207 mm and the
winter to summer temperature ranges between 6 C and
44 C (Central Ground Water Board (CGWB), 2009). The dis-
trict experiences three distinct seasons: summer season lasts
from April to June, monsoon season lasts from July to Octo-
ber and winter season lasts from November to March. About
70% of total area is arable land (SREP, 2011) and major crops
grown in the district are rice, wheat, maize and sugar cane. The
district is famous for shahi lychee cultivated in area about 7500
hectare and the average production is about 30,000 tonne per -
year (Minas et. al., 2002). Agriculture and horticulture are the
major income source for maximum rural habitant of the dis-
trict. Fig. 1 represents the locational reference of the study
area.
For identifying annual crop-system, multi-temporal Indian
Remote Sensing (IRS) Resourcesat-2 LISS III images (path/
row: 104/53) were used in this study. Resourcesat-2 has
24 days repetivity and LISS III data have a spatial resolution
of 23.5-m at four spectral bands: Green (0.52 lm–0.59 lm),
Red (0.62 lm–0.68 lm), NIR (0.77 lm–0.86 lm) and SWIR
(1.55 lm–1.70 lm). Field survey was carried out in the study
area during summer (April 2012) and monsoon seasons (Sep-
tember 2012) in order to know the main crops, their phenology
and seasonal cropping pattern. It was found that the main
cropping seasons in this area are Kharif season (July–August
to September–October), Rabi season (December–January to
February–March) and Zaid season (March–April to May–
June). These three seasons form three type of cropping period:
(i) single seasonal (Kharif, Rabi and Zaid), (ii) double seasonal
(Kharif-Rabi, Kharif-Zaid and Rabi-Zaid) and (iii) triple sea-
sonal (Kharif-Rabi-Zaid). Fig. 2 depicting the annual crop
phase of major crops cultivated in Muzaffarpur district.
Based on the ground knowledge and cropping pattern we
acquired three satellite data during March, May and October
so as to cover correct cropping pattern and to differentiate
plantation. Table 1 reveals the details about the three satellite
data and their date of acquisition.3. Methodology
In this study multi-seasonal satellite images and VI were used
for large area seasonal crop mapping. Fig. 3 provides the over-
all processes followed in this study.
Figure 1 Location map of Muzaffarpur district, Bihar.
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interpretation
Initial geo-referencing was carried out to bring three satellite
data into a same locational framework. Manual digitisation
was performed using standard FCC from three seasonal images
to extract eight different vegetation classes: (i) three single sea-
sonal crop classes (Kharif, Rabi and Zaid); (ii) three double
seasonal crop classes (Kharif-Rabi, Kharif-Zaid & Rabi-Zaid);
(iii) one triple seasonal crop class (Kharif-Rabi-Zaid) and (iv)
plantation. Classiﬁcation process of multi-temporal LISS III
image was carried out by following three steps. First, a base
layer was created from kharif season FCC image and all the
vegetation classes during kharif season were identiﬁed. Second,I II III I II III I II III I II III I II
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Figure 2 Major Crop Calendthe base layer was updated using Rabi season FCC image. All
kharif crop clusters having crop in Rabi season were identiﬁed
as double cropland (Kharif-Rabi). Third, the information from
kharif and Rabi seasons was updated using zaid season FCC
image and the combination of double cropland (Kharif-zaid
& rabi-zaid) and triple cropland (kharif-rabi-zaid) and planta-
tion was delineated correctly.
3.2. Semi-automated cropping pattern extraction using temporal
vegetation indices
Three different vegetation indices: Normalised differential
Vegetation Index (NDVI), two band Enhanced Vegetation
Index (EVI2) & Normalised differential Short wave-infraredIII I II III I II III I II III I II III I II III I II III I II III
Nov Decy Jun Jul Aug Sep Oct
ar of Muzaffarpur District.
Table 1 Details of IRS Resourcesat-2 LISS-III image used in the study.
Satellite and sensor name Path/row No. Season name Acquisition date
IRS Resourcesat-2 LISS-III 104/54 Kharif season 12th October 2011
Rabi season 4th March 2012
Zaid season 15th May 2012
Figure 3 Flowchart of the methodology showing the steps of data processing used in the study.
126 S. Mondal et al.based vegetation Index (NDSBVI) were used for automatic
extraction of annual cropland types and to discriminate plan-
tation from crop. These indices use the reﬂectance value from
Red (0.62 lm–0.68 lm), NIR (0.77 lm–0.86 lm) and SWIR
(1.55 lm–1.70 lm) bands of IRS Resourcesat-2 LISS III
images. Three sets of these indices were calculated for three dif-
ferent seasons. NDVI is based on the simple ratio of difference
and sum of NIR and red band reﬂectance values, and the most
accepted vegetation index for identifying vegetative vigour.
EVI is an improved vegetation index than NDVI as canopy
background-adjustment factor used for reducing background
soil noise, and in addition, it is very sensitive to biomass.
IRS LISS III sensor do not have Blue band and hence a mod-
iﬁed EVI method utilising red and NIR bands was adopted in
this study as recommended by Jiang et al. (2008). SWIR band
is sensitive to leaf water content and useful for plant water
stress and leaf moisture content estimation and hence,
Normalised differential Short Wave-infrared based vegetation
index (NDSBVI) was used in this study.
NDVI ¼ qnir qredð Þ
qnirþ qredð Þ
(Rouse et al., 1973)EVI2 ¼ 2:5  qnir qredð Þ
qnirþ 2:4  qredþ 1ð Þ
(Jiang et al., 2008)
NDSBVI ¼ qswir qredð Þ
qswirþ qredð Þ
(Thenkabail et al., 1995)
where,
qred = Reﬂectance of RED band,
qnir = Reﬂectance of Near-infrared band and
qswir = Reﬂectance of Short wave-infrared band.
The VI value ranges in an image depend upon the growth
stage (i.e., phenology) of different vegetation species, environ-
mental factors, topography and sun-sensor geometry. In this
study, a detailed sampling (training clusters) was done over
the VI images from three different seasons for ﬁnding the
threshold value of vegetation and non-vegetation classes. The
VI value range obtained for different classes using samples
were applied over the full VI annual image stacks of [NDVI
stack – ndvi(k), ndvi(r), ndvi(z); EVI stack – evi(k), evi(r),
Extracting seasonal cropping patterns using multi-temporal vegetation indices 127evi(z); NDSBVI stack – ndsbvi(k), ndsbvi(r), ndsbvi(z) ]as con-
ditional function, separately to extract full spatial presence of
each class. This process resulted into three different classiﬁed
images, one each from NDVI, EVI and NDSBVI. Finally,
the accuracy of these three results was evaluated with respect
to reference-digitised map.
4. Results and discussion
The three multi-seasonal satellite images collected from IRS
LISS III data could be seen in Fig. 1. In standard FCC the
cropping area appears as pink to red in all three seasons (Kha-
rif, rabi and zaid) and plantation area appears as deep red in
kharif and zaid seasons and blackish in rabi season. It could
be seen that most of the plantation areas were in close proxim-
ity with cropping areas. It was observed that spectral responses
of plantation canopy were similar to those of crop canopy dur-
ing kharif and zaid seasons, and hence it was difﬁcult to differ-
entiate plantation from crop most of the time. However,
spectral behaviour of plantation was different from crops dur-
ing rabi season. Hence, for accurate mapping of cropland and
plantation, multi-season satellite images are required. Lychee
and Mango plantation are mainly grown in this region of
Bihar as the study area is the leading exporter of Shahi Lychee
in India. A reference-classiﬁed map depicting various crop
types and pattern was generated by manual digitisation using
three seasonal standard FCC. During classiﬁcation minimum
mappable unit (MMU) was considered as 2.5 hectare to avoid
too many small cluster. Clusters having mixed classes often
create confusion to classify a particular class. Therefore, a clus-
ter having 75% of homogeneous class was considered as a sin-
gle class. Plantation clusters were delineated using images of allFigure 4 FCC of stacked seasonal (Red band-Kharif, Green band-
NDSBVI (interpretation keys were used for sample collection).seasons simultaneously. Because, in kharif and zaid seasons
plantation having similar signature of crop and in rabi season
plantation having similar signature of settlement often create
confusion during interpretation which increases the chances
of misinterpretation. In addition, it was difﬁcult to use
multi-season images during visual interpretation, as we need
to switch between multiple images to understand the type of
crop and its areal extent in a correct manner. To effectively
integrate multi-seasonal satellite images and to extract the
cropping pattern in a semi-automated manner, the study used
VI stacks from different seasons and evaluated their accuracy
of mapping. Fig. 4 reveals the seasonal stacks from different
VI images.
FCC using seasonal NDVI, EVI2 and NDSBVI (Fig. 4a–c)
was found to be very effective in revealing seasonal compo-
nents of various vegetation classes. It could be seen from
Fig. 4 that single seasonal crops (Kharif, Rabi and Zaid) were
represented as red, green and blue colour respectively. Double
cropping areas were represented by three additive colours: yel-
low (kharif and rabi), magenta (kharif and zaid) and cyan (rabi
and zaid); and triple cropping areas were represented as white
colour.
Total 40 training clusters (ﬁve sample clusters for each
class) were collected, and VI value ranges and associated statis-
tics (minimum, maximum, mean and standard deviation) were
estimated for vegetation and non-vegetation classes. Table 2
provides the exact value ranges and statistics derived from
the training clusters for NDVI, EVI2 and NDSBVI at different
seasons. Fig. 5 provides the graphical variation in the VI val-
ues for different classes. Single (Kharif, Rabi and Zaid), dou-
ble (kharif-rabi, kharif-zaid and rabi-zaid) and triple cropping
period were represented by the curves having one peak, twoRabi & Blue band-Zaid) VI layers – (a) NDVI, (b) EVI2 and (c)
Figure 5 Characteristics curve of various cropping types using seasonal VI data based on (a) NDVI, (b) EVI2 and (c) NDSBVI.
128 S. Mondal et al.peak and three peak respectively in NDVI, EVI2 and
NDSBVI. For plantation, the VI curve exhibits a quite differ-
ent shape than crops when all the seasons were considered.
These values were grouped into three broader classes: crop,
plantation and others, and their value ranges were graphically
represented in Fig. 6 to get a broad understanding about sea-
sonal variation in VI value ranges in NDVI, EVI2 and
NDSBVI.
The threshold values for vegetation and non- vegetation
pixel were estimated using NDVI, EVI2 and NDSBVI duringeach season (Kharif, Rabi and Zaid). The NDVI threshold
value for vegetative pixels was found as >0.39 in Kharif,
>0.23 in Rabi and >0.25 in Zaid. In addition, the value range
for crop and plantation was also estimated (Fig. 6a). An over-
lapping NDVI value range was found for crop and plantation
during Kharif and Zaid seasons. However, distinct VI ranges
were identiﬁed for plantation (>0.23–<0.41) and crop
(>0.41–<0.67) in NDVI during rabi (see Fig. 5a). The EVI2
threshold value for vegetation was >0.59 in Kharif, >0.37
in Rabi and 0.49 in Zaid season. In EVI, two distinct ranges
Figure 6 Simpliﬁed depiction of VI value range for crops, plantation and non-crop classes obtained using samples from seasonal VI
stacks of (a) NDVI, (b) EVI and (c) NDSBVI.
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<0.72) during rabi, but an overlapping range was found dur-
ing kharif and zaid seasons (Fig. 6b). Interestingly, the overall
value range in NDSBVI was much lower than NDVI and EVI2
in all the seasons. In NDSBVI, the threshold value for vegeta-
tion was identiﬁed as >0.16 in kharif, >0.08 in Rabi and
>0.03 in Zaid season. NDSBVI was capable of discriminating
crop and plantation during both kharif and rabi, unlike NDVIand EVI2. The value ranges in NDSBVI during kharif and
rabi for plantation are >0.16–<0.3, >0.08–<0.15 and
>0.3–<0.47, >0.15–<0.406 for crop, respectively. However,
in Zaid season there was an overlapping value range between
crop and plantation (Fig. 6c).
A conditional decision operation was made using the VI
value ranges provided in Table 2 in order to extract various
crop types and its patterns. For example, following conditions
Table 2 Seasonal Crop VI value statistics estimated from 40 training samples.
Crop type NDVI EVI2 NDSBVI
Kharif Rabi Zaid Kharif Rabi Zaid Kharif Rabi Zaid
Plantation Min 0.43 0.23 0.32 0.84 0.37 0.49 0.12 0.01 0.01
Max 0.66 0.42 0.57 1.25 0.72 0.96 0.30 0.15 0.14
Mean 0.54 0.33 0.45 1.05 0.55 0.73 0.21 0.07 0.08
SD 0.16 0.13 0.18 0.29 0.25 0.33 0.13 0.12 0.09
Single crop (Kharif) Min 0.39 0.12 0.85 0.59 0.17 0.13 0.17 0.08 0.14
Max 0.66 0.31 0.25 1.43 0.46 0.59 0.47 0.10 0.00
Mean 0.52 0.21 0.30 1.01 0.32 0.36 0.32 0.01 0.07
SD 0.19 0.14 0.78 0.59 0.21 0.33 0.21 0.12 0.10
Single crop (Rabi) Min 0.14 0.36 0.08 0.21 0.74 0.15 0.12 0.17 0.17
Max 0.37 0.62 0.25 0.75 1.24 0.51 0.17 0.41 0.04
Mean 0.12 0.49 0.17 0.27 0.99 0.33 0.02 0.29 0.11
SD 0.36 0.18 0.12 0.68 0.35 0.25 0.21 0.17 0.09
Single crop (Zaid) Min 0.10 0.11 0.25 0.21 0.17 0.51 0.10 0.12 0.00
Max 0.39 0.25 0.57 0.75 0.51 1.23 0.09 0.08 0.30
Mean 0.24 0.18 0.41 0.27 0.34 0.87 0.00 0.02 0.15
SD 0.21 0.10 0.23 0.68 0.24 0.51 0.13 0.14 0.21
Double crop (Kharif & Rabi) Min 0.39 0.36 0.08 0.59 0.17 0.49 0.17 0.12 0.17
Max 0.66 0.62 0.25 1.43 0.72 1.23 0.47 0.41 0.01
Mean 0.52 0.49 0.17 1.01 0.44 0.86 0.32 0.27 0.08
SD 0.19 0.18 0.12 0.59 0.39 0.52 0.21 0.21 0.13
Double crop (Kharif & Zaid) Min 0.39 0.11 0.25 1.25 0.17 0.51 0.30 0.09 0.01
Max 0.66 0.25 0.57 1.43 0.72 1.23 0.47 0.22 0.30
Mean 0.52 0.18 0.41 1.34 0.45 0.87 0.39 0.07 0.16
SD 0.19 0.10 0.23 0.13 0.39 0.51 0.12 0.22 0.21
Double crop (Rabi & Zaid) Min 1.35 0.36 0.25 0.18 0.74 0.51 0.10 0.12 0.04
Max 0.39 0.62 0.57 0.59 1.24 1.23 0.12 0.41 0.30
Mean 0.48 0.49 0.41 0.39 0.99 0.87 0.01 0.26 0.13
SD 1.23 0.18 0.23 0.29 0.35 0.51 0.15 0.21 0.24
Triple crop (Kharif, Rabi & Zaid) Min 0.39 0.42 0.25 0.59 0.74 0.51 0.17 0.22 0.01
Max 0.66 0.62 0.57 1.43 1.24 1.23 0.47 0.41 0.30
Mean 0.52 0.52 0.41 1.01 0.99 0.87 0.32 0.32 0.16
SD 0.19 0.14 0.23 0.59 0.35 0.51 0.21 0.13 0.21
130 S. Mondal et al.were implemented to extract kharif class and plantation from
seasonal NDVI stack:
SingleseasonalðKhairfÞcrop
¼ConfðKharif NDVI> 0:39&Kharif NDVI6 0:66Þ&
ðRabi NDVI> 0:12&Rabi NDVI6 0:39Þ&ðZaid NDVI>
0:85&Zaid NDVI6 0:25Þg
Plantation
¼ConfðKharif NDVI> 0:43&Kharif NDVI6 0:66Þ&
ðRabi NDVI> 0:23&Rabi NDVI6 0:42Þ&ðZaid NDVI>
0:32&Zaid NDVI6 0:57Þg
where,
Con = Condition.
Similar conditions were applied for all other classes. Fig. 7
reveals the output classiﬁed images using seasonal NDVI stack
(Fig. 7b), EVI stack (Fig. 7c) and NDSBVI stack (Fig. 7d).
The resultant area statistics using all the classiﬁed images
were extracted and were compared (spatially and non-spa-
tially) with reference digitised classiﬁcation statistics (Table 3).Non-spatially, among the three VIs, NDVI was found to show
better area estimate having close agreement with reference
area. The total vegetated area in the classiﬁed maps from
visual interpretation, NDVI, EVI2 and NDSBVI was
2207 Sq km, 1900 Sq km, 1836.8 Sq km and 1839 Sq km.,
respectively. Single season (kharif) crop class, single season
(zaid) crop class and triple season crop class were observed
having greater area in all VIs than reference area. In addition,
single season (Rabi) crop, Double season crop and plantation
have lesser area in all VIs than reference area. In visual classi-
ﬁcation, a class was identiﬁed by digitising the cluster having
70% homogeneous pixel and hence, 30% of heterogeneous
mixed pixels were also included into a particular class which
causes over-estimate of area in a particular class. Also due to
MMU limit the entire small cluster having area of <2.5 hect-
are was merged into neighbour cluster and hence causing
under-estimate about these smaller patch classes. However in
VI based classiﬁcation, all the pixels were allotted to some crop
class irrespective of their size, and hence contributing for area
discrepancy with reference area. Many clusters of waterlogged
area having crop during kharif were not considered as kharif
during manual digitisation but it was assigned to kharif crop
Figure 7 Classiﬁed images based on manual digitisation (a) and semi-automated decision tree using NDVI stack (b), EVI2 stack (c) and
NDSBVI stack (d).
Table 3 Area estimates from four different mapping approaches.
Class name Digitised classiﬁcation
(area in Sq. km)
NDVI classiﬁcation
(area in Sq. km)
EVI2 classiﬁcation
(area in Sq. km)
NDSBVI classiﬁcation
(area in Sq. km)
Single crop (kharif) 172.64 196.29 249.28 175.28
Single crop (Rabi) 750.21 358.64 448.56 473.84
Single crop (Zaid) 6.88 93.58 75.95 104.72
Double crop 1008.27 923.01 692.62 823.51
Triple crop 0.00 68.91 113.57 16.39
Plantation 269.35 259.57 256.82 245.5
Total area 2207.35 1900 1836.80 1839.24
Extracting seasonal cropping patterns using multi-temporal vegetation indices 131during conditional decision analysis using VI value ranges esti-
mated based on samples. Hence, the kharif crop area was over-
estimated in all VIs. All the VI based classiﬁed maps were very
effective in mapping plantation with a high accuracy. Total
area of plantation extracted using digitisation technique,
NDVI, EVI2 and NDSBVI were 269, 259, 256 and 245 Sq. km,
respectively. Though Table 4 reveals the area estimates from
classiﬁed images using different VI measures, revealing only
non-spatial accuracy, it does not provide any clue about the
spatial match. In order to estimate spatial match, we have cal-
culated kernel based spatial correlation coefﬁcient (r) between
reference-digitised map and a classiﬁed map from a VI stack.
We have used non-overlapping kernel to determine the spatial
match. In addition, the spatial match using different kernel
sizes was calculated as to understand the inﬂuence of kernel
size and accuracy. Table 4 provides the spatial accuracy as a
percentage area at different kernel sizes. Fig. 8 reveals the
pattern of spatial match over the study area. It could be seenin Fig. 8 that red colour depicts the highest match and blue col-
our depicts the lowest match. When the kernel size was small,
there was more probability to get a mismatch because in the
digitised map the pixel clusters belonging to a class but smaller
than MMU were merged with the bigger neighbour class. Since
the kernel type considered for calculating correlation was of
non-overlapping in nature, it would be appropriate to consider
bigger kernel size greater than 15 · 15. In this regard, it can be
said that overall accuracy of semi-automatic classiﬁcation
using seasonal VI stacks is greater than 53%.
The study found that double seasonal crop and single
seasonal (Rabi) crop occupy maximum area of the district.
The district has a very good water potential as three main riv-
ers such as Gandak, Burhi Gandak and Bagmati River, are
ﬂowing across the study area. Double seasonal crop area was
mainly concentrated on the eastern and western part of Burhi
Gandak river. Single seasonal (Rabi) crop area was distributed
on the eastern part of Bagmati River and Southern side of the
Table 4 Spatial accuracy between reference map and map from other three approaches.
Spatial accuracy (in% area) at diﬀerent kernel sizes (in Pixels)
15 · 15 21 · 21 41 · 41 51 · 51
Reference digitised map vs. NDVI 52.07 60.80 75.30 80.10
Reference digitised map vs. EVI2 53.44 63.25 79.55 87.93
Reference digitised map vs. NDSBVI 53.55 63.00 80.85 87.30
Figure 8 Spatial match (correlation within 360 · 360 m kernel) between manually digitised reference map and VI based classiﬁed map
using NDVI (a), EVI2 (b) and NDSBVI (c) stacks.
132 S. Mondal et al.district. Most of the plantation areas were located on the cen-
tral part (around the Muzaffarpur city) of the district. The
maximum area of single seasonal (kharif and zaid) crop was
identiﬁed on the western part of the district close to Gandak
River.
5. Conclusion
This study adopted a quick and effective approach utilising
seasonal vegetation indices for extracting cropping patterns.
Although mixed pixels have contributed for the lower accuracy
level of classiﬁcation, overall information extraction process
was effective because seasonal spectral variability effect was
nulliﬁed by using vegetation indices where the VI value ranges
are ﬁxed and different land covers have a characteristic annual
VI curve. In this method plantation areas and their extent was
also successfully identiﬁed with 96%, 95% and 91% accuracy
using seasonal stacks of NDVI, EVI2 and NDSBVI, respec-
tively. Among the three VIs, NDVI based approach yielded
the lowest accuracy in terms of spatial match with respect to
manually digitised reference map. However, the difference in
the accuracy levels between the classiﬁed maps from these
three indices was not much, and hence all the VIs have found
to be equally useful in cropping studies. Overall, ﬁndings fromthe study suggest that semi-automatically delineating the sea-
sonal cropping period and plantation mapping is cost effective
and time saving with acceptable accuracy.
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